We report the orbital parameters for ROXR1 14 and RX J1622.7-2325Nw, two young, low-mass, and double-lined spectroscopic binaries recently discovered in the Ophiuchus star forming region. Accurate orbital solutions were determined from over a dozen high-resolution spectra taken with the Keck II and Gemini South telescopes. These objects are T Tauri stars with mass ratios close to unity and periods of ∼5 and ∼3 days, respectively. In particular, RX J1622.7-2325Nw
INTRODUCTION
T Tauri stars (TTS) are very young (1 to 10 Myrs), low-mass pre-main sequence (PMS) stars. Low-mass stars are the most abundant stellar objects in the Galaxy (e.g., Bean et al. 2006) , therefore it is important to understand their formation and evolution.
Spectroscopic binaries (SB) among young stars are important for the information that they potentially provide for the study of stellar parameters, such as the possibility to make dynamical measurements of mass ratios and eventually the masses of the components (Prato et al. 2002a ). The mass and chemical composition of a star at birth determines its entire evolution. Accurate determination of PMS stellar masses is extremely important for refining the current young star theoretical models, which are not well calibrated by empirical data (Hillenbrand & White 2004) . Therefore, the study of low-mass T Tauri SBs is crucial for understanding star formation.
Despite their importance, only a few young, low-mass SBs are well-studied. Melo et al. (2001) and Prato et al. (2002b) presented compilations of ∼49 systems with known orbital elements. This sample has increased by fewer than 10 objects in the last decade. The small number of known PMS SBs is in part attributable to their location in obscured and distant star forming regions: it can be an arduous task to measure precise radial velocities for these low-mass stars with the traditional approach of spectroscopy in visible light. Furthermore, low-mass T Tauri stars generally emit most of their energy at wavelengths ≥ 1 µm and thus the most efficient way to observe them is with large-aperture telescopes in the infrared (IR, Prato 2007 ). This has only become possible in the last decade. ROXR1 14 and RX J1622.7-2325Nw are PMS double-lined spectroscopic binary (SB2) stars, located in Ophiuchus, originally identified in a survey of T Tauri M stars (Prato 2007 ).
-4 -Results presented here are from the analysis of over a dozen spectra for each object obtained with high-resolution IR spectrographs. In this paper we report on the measurement of radial velocities using two-dimensional cross-correlation in order to calculate the periods and orbital parameters of these PMS binary systems. Therefore, we are increasing by two objects the sample of PMS spectroscopic binaries with well-determined parameters.
The layout of the paper is the following. In §2, we present the observations and data reduction procedure. In §3, we provide the radial velocity calculations. Results for both objects are presented in §4. A discussion appears in §5 and a summary in §6.
OBSERVATIONS AND DATA REDUCTION
Spectra of the target stars were taken with the NIRSPEC and Phoenix spectrometers on Keck II and Gemini South, respectively. The spectral range of Phoenix is smaller than that of NIRSPEC, however, its resolution is ∼ 2 times greater. The two instruments provided similar precision for the radial velocity measurements presented here because these properties, in conjunction with the higher signal to noise ratio of the NIRSPEC data, tended to cancel out. Basic target star properties are listed in Table 1 and the UT date of   observation and instrument used appear in the last column of Tables 2 and 3 . Adaptive optics (AO) images were also taken of both target systems with the NIRC2 camera on the Keck II telescope. using NIRSPEC, the facility high-resolution, near-IR spectrograph located at the Keck II telescope on Mauna Kea (McLean et al. 1998 (McLean et al. , 2000 . The spectroscopic detector in this cryogenic, cross-dispersed instrument is an Aladdin InSb 1024 × 1024 array. We observed with a 0.288" slit, yielding resolution R = 30, 000. In our H-band setting, λ = 1.555 µm appears in the center of the middle order (order 49). This order is advantageous because it is effectively devoid of atmospheric absorption lines, allowing for the analysis of data without the need for division of the spectra by a telluric standard star spectrum, thus optimizing the signal to noise ratio. Also, there are numerous, strong OH night sky emission lines spaced across this order (Rousselot et al. 2000) , providing an excellent inherent wavelength calibration. We used these lines to determine the dispersion solution. Of the 10 OH lines shown in Rousselot et al. (2000;  Figure 16 ) that fall in order 49, two are close blends that NIRSPEC does not resolve. A well-resolved line at 1.5631443 µm produces a large residual, so we did not use this one either. We took at least four spectra of every target each night with the telescope nodded between two positions on the slit in an A-B-B-A nod sequence in order to compute the background sky subtraction. Typical exposure times were 5 minutes and the resulting signal to noise ratio was usually > 200.
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Data Reduction
Data were reduced using the REDSPEC package 1 . Ten dark frames were median filtered in order to get a master dark. The same procedure was used to get a master flat; the difference, flat-dark, was used for subsequent analysis. High-resolution NIRSPEC H-band observations cover 9 orders, however, only the order centered on 1.555 µm was isolated for the reduction and analysis. Additive terms such as sky background were eliminated with a pair subtraction of our observing pattern, i.e. A-B. This difference was then divided by the dark subtracted flat. REDSPEC then spatially and spectrally rectified and calibrated the resulting difference. Both positive and negative spectra were extracted. These sometimes contain residual OH night sky lines; by subtracting the negative from the positive extracted spectra and dividing by 2, these spectra were averaged and the OH residuals eliminated.
Lastly, the resulting spectrum was normalized and divided by a 2nd order polynomial fit to the continuum to flatten the final product. All spectra were corrected for heliocentric motion using the SkyCalc software package (Thorstensen 2001 Because Phoenix is not a cross dispersed instrument it provides only a single order. Four spectra for every target were taken with an A-B-B-A nod sequence in order to compute the background sky subtraction. Typical exposure times were 4 minutes and the resulting signal to noise ratio was usually > 130.
The same reduction algorithms used on the NIRSPEC data and the procedure described in 2.1.2 were applied to the Phoenix data. In order to align the data from Phoenix with the input specification of REDSPEC it was necessary to rotate the raw files by 90
• .
Reduced NIRSPEC and Phoenix spectra are shown in Figures 1 and 2.
NIRC2
On UT 2005 February 25 AO images of both targets were obtained on the Keck II telescope with the NIRC2 facility near-IR camera and the K cont filter. The NIRC2 detector is a 1024 × 1024 Aladdin-3 InSb array (Wizinowich et al . 2000); we used the narrow-field camera, with a plate scale of ∼0.01 ′′ . For each target we obtained one set of dithered images using a five-point pattern, integrating for 1 second at each position, with an offset 2 ′′ . Pairs of images were subtracted from each other to remove sky background and visually examined for companion objects.
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Radial Velocity Calculations
Radial velocities were determined, following Zucker & Mazeh (1994) , from a two dimensional cross-correlation algorithm developed at Lowell Observatory. The algorithm calculates the correlation of the target spectroscopic binary spectrum against combinations of two templates, thus identifying the radial velocities and approximate flux ratio, α, of the primary and the secondary components (α is ∼ 0.90 for both of the systems analyzed in this paper). The rotational velocity, v sini, was estimated by using a set of templates convolved with a nonlinear limb-darkened broadening kernel (Bender & Simon 2008) to produce a range of v sini values. We selected the v sini of the template yielding the maximum correlation. Different spectral type templates were also tested; however, as radial velocities are relatively insensitive to spectral type differences of one or two subclasses (Simon & Prato 2004 ) and because the components have mass ratios close to unity (see below), the spectral types appearing in Table 1 are those identified in Prato 2007.
The standard stars used as templates are well-known, main sequence (MS) stars with a spectral type similar to that of the target. Although this is not ideal, for example the surface gravities of young stars are generally lower than those of MS stars, it is nonetheless effective for cross-correlation because the line positions dominate the results (e.g., Schaefer et al. 2008) . Parameters for the standard stars used as templates appear in Table 4 .
The template GL 763 (M0) yielded the best correlation for both of the components of ROXR1 14 with v sini = 15 ± 3 km s −1 . In contrast, for RX J1622.7-2325Nw, BS 8086 (K7) gave the best correlation for the primary component and GL 763 for the secondary, with v sini = 25 ± 5 km s −1 for both. The systematic uncertainty for the radial velocities of the templates is ±1.0 km s −1 , adopted from Prato et al. (2002b) and Steffen et al. (2001) .
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The component mass ratio impacts the uncertainties of the measured radial velocities; measurements of the secondary star RV in very small mass ratio systems can be challenging.
In addition, the shape of the peak and therefore the uncertainties in the correlation depend strongly on the rotational velocities of the primary and secondary, i.e. v sini. Following Kurtz et al. (1992) , internal errors determined from the cross-correlation algorithm were calculated as a function of the FWHM of the correlation peak and the ratio of the correlation peak height to the amplitude of the antisymmetric noise. To determine the total uncertainty of each target RV measurement, we combined the internal errors in quadrature with the systematic uncertainty introduced by the templates, 1 km s −1 . Measured radial velocities of the primary, v 1 , and the secondary, v 2 , as well as their total uncertainties, σ v 1 and σ v 2 , are reported in Tables 2 and 3 .
Results
The PMS double-lined spectroscopic binaries reported here were discovered by Prato (2007) during a survey of K7 and early M stars in search of young spectroscopic binaries. The survey targets were drawn from an X-ray selected sample (Casanova et al. 1995; Martín et al. 1998 ) located in the ρ Oph (L1688) molecular cloud. Both targets were classified as WTTS by Martín et al. (1998) using their spectral types and equivalent widths of Hα and LiI λ6708Å. These properties are listed in Table 1 .
Magnitudes were obtained from 2MASS and equivalent widths are from Martín et al. (1998) .
For a preliminary result and consistency check, we derived mass ratios and center-ofmass velocities for the targets using the method of Wilson (1941) . For the different epochs,
we plot the radial velocities of the primary versus the secondary (Figures 3 and 4) . From the linear fit, the negative of the slope gives the mass ratio, q. The center-of-mass velocity γ is given by the y-intercept divided by (1+q).
Initial guesses for the orbital solution of the SB2s were found using an amoeba search routine from Press et al (1992) . Actual orbital solutions for each target were determined with the Levenberg-Marquardt method (Press et al. 1992 ) through standard non-linear least-squares techniques. In some cases, velocities for the primary and the secondary were switched, since the brightness of the component stars in the analyzed systems are nearly the same. In those situations, orbital fits were calculated again after reassigning velocities for the primary and the secondary. The orbital parameters obtained from the orbital fit solution are period, P, the projected semi-mayor axes of the components, a 1 sini and a 2 sini, eccentricity, e, periastron angle, ω, time of periastron passage, T. Table 5 shows the orbital parameter values and the derived parameters such as the semi-amplitude of both components, K 1 and K 2 and the mass ratio, q = K 1 /K 2 . Uncertainties calculated by the Levenberg-Marquardt method are the formal errors from the non-linear least-squares fitting.
ROXR1 14
ROXR1 14 is a SB2 with a period P = 5.72 days and an eccentricity e = 0.020 ± 0.007.
The radial velocity curve as a function of the phase is shown in Figure 5 . Column 1 in Table 5 shows the complete orbital parameter values for this object. The mass ratio derived from the semi-amplitude of the components' velocities is 0.97 ± 0.01 and the center-of-mass velocity is γ = −7.98 ± 0.18 km s −1 . These values are consistent with the ones derived from Figure 3 to within ≪1σ. AO images of this system show no obvious evidence for a stellar companion.
RX J1622.7-2325Nw
RX J1622.7-2325Nw is the SB2 component of the hierarchical quadruple system identified by Prato (2007) . The western component (Nw) is separated by ∼1 ′′ from the eastern one (Ne), which is itself a visual binary (∼0.1 ′′ ; see Figure 6 ). The radial velocity curve as a function of the phase is shown in Figure 7 . Orbital parameters are shown in the second column of Table 5 . From the orbital solution we found q = 0.98 ± 0.06 and γ = −6.75 ± 1.09 km s −1 , consistent with the values found in the Wilson plot shown in Figure 4 . With a P = 3.23 day period and e = 0.30 ± 0.04, RX J1622.7-2325Nw is the shortest-period high-eccentricity PMS SB known to date.
DISCUSSION
As expected, our result shows that stars with high projected rotational velocities, v sini, as is the case of RX J1622.7-2325Nw (v sini = 25 ± 5 km s −1 ), will have larger uncertainties in the measured radial velocities (Table 3 columns Table 2 columns 3 and 5). The reason for this is that the uncertainties in the radial velocities are related to the FWHM of the cross-correlation peak, which is wider for stars with larger v sini.
Although the primary versus secondary radial velocity plots (shown in Figures 3 and 4) present high correlations (99% for both of the target systems) this does not ensure accurate orbital fits: the radial velocity versus phase solution for ROXR1 14 shows a much better fit than the solution for RX J1622.7-2325Nw (the χ 2 of the orbital solutions are 1.1 and 21.2, respectively). This is seen in Figures 5 and 7 , where another parameter, the orbital phase, -12 -is also taken into account, introducing an additional factor. Thus, the uncertainty in the orbital period also comes into play. It is unclear why our orbital fit for RX J1622.7-2325Nw is significantly worse than that for ROXR1 14. Some data points differ from the solution by more than 10σ. It is possible that another as-yet undetected low-mass star exists in the system, however, after subtracting the orbital solution shown in Figure 7 , no obvious periodic radial velocity modulation was apparent in the residual.
An interesting result of our analysis is the high eccentricity found for the short-period SB2 RX J1622.7-2325Nw. The theory of tidal circularization introduced by Zahn & Bouchet (1989) predicts that low-mass stars have a cut-off circularization period, which for PMS stars is 7.56 days (Melo et al. 2001) : systems with orbital periods less than 7.56 days are expected to have very low eccentricity. In Table 3 from Melo et al. (2001) it can be seen that in addition to RX J1622.7-2325Nw there are three PMS systems with orbital periods shorter than the cut-off circularization period with eccentric orbits (Figure 8 ). However, SB2 RX J1622.7-2325Nw has an even shorter-period and higher eccentricity than these systems. Melo et al. (2001) comment that although currently there is no clear explanation for this behavior, there are some hypotheses that have been introduced in order to explain it. One is the existence of low-mass companions, in higher-order multiple systems, giving rise to perturbations in the orbit. The other potential explanation is the presence of perturbing circumbinary disks.
Given the indistinguishable distribution of the MS spectroscopic binary twin and non-twin populations compared to the PMS population shown in Figure 8 , we do not believe that the existence of eccentric, short-period SBs is an age effect. Orbital circularization apparently at least begins for short-period systems early in a binary's lifetime, likely in < 1 Myr. All the eccentric, short-period systems in Figure 8 should be studied further for the possible presence of tertiary components and/or disks.
-13 -For our particular case, we know already that RX J1622.7-2325Nw is one of the components of a hierarchical quadruple system (Prato 2007) . The Ne component, itself a 0.1" binary, is located ∼1 ′′ away. At the 120 pc distance to Ophiuchus (Loinard et al. 2008), this is equivalent to a projected separation of 108 AU. Thus one obvious mechanism for the high eccentricity in the RX J1622.7-2325Nw SB2 is the presence of this companion pair.
Perturbation of the SB2 via the Kozai mechanism is possible if the outer orbit is highly inclined with respect to the SB2 orbit (Eggleton & Kiseleva-Eggleton 2001; Fabrycky & Tremaine 2007 ). Although we cannot prove that this is the case, given the minimum period of >1000 years implied by the separation, the Kozai effect is a well known phenomenon and provides a likely explanation. Table 1 of Cieza et al. (2007) show no evidence for cool, dusty disks around our SB2 systems. Therefore, the presence of the Ne component at 120 AU away is probably the best explanation for the high eccentricity in the orbit of RX J1622.7-2325Nw. The perturbing action of a closer multiple component, as yet undetected, is also possible.
SUMMARY
We obtained high-resolution IR spectra, with the NIRSPEC and Phoenix spectrometers, of the PMS SB2s ROXR1 14 and RX J1622.7-2325Nw, located in Ophiuchus. Accurate -14 -orbital elements were calculated, using radial velocities derived from two-dimensional crosscorrelation analysis, for both targets. Mass ratios of q = 0.97 ± 0.01 and q = 0.98 ± 0.06 and periods of 5.72 days and 3.23 days were determined for ROXR1 14 and RX J1622.7-2325Nw, respectively. The eccentricity of 0.30 ± 0.04 and a period shorter than the cut-off for circularization make RX J1622.7-2325Nw an interesting system: the highest eccentricity short-period PMS SB known to date. The most reliable explanation of its eccentric orbit may be potential perturbations caused by the 0.1" visual binary companion ∼1.0 ′′ away, as RX J1622.7-2325Nw is a member of a hierarchical quadruple system. We have increased by 4% the sample of PMS SBs with known orbital elements, an important step on the way to refining the calibration of the current young star theoretical models.
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-27 - -30 - a The observations span hundreds of orbits and therefore periods are very accurately determined. The formal errors from the least squares fitting are only a few seconds, which may be an underestimate. However, it is likely that the error is quite small.
